Abstract. Dietary and demographics features has an influence in the general health status of the population in the world. Therefore in this paper is proposed an univariate analysis of 7 dietary and demographic features to study the impact on the oral status in order recognize the different determinants that contribute to modify in a negative way the oral health status. Univariate analysis is carried on applying an multi objective linear regression and evaluated in terms of area under the curve (AUC), p-value, sensitivity and specificity. Additionally, a multivariate model is done to evaluate confounder to increase the AUC. Preliminary results shows that individually water source is an important feature that affects oral health status.
Introduction
The World Health Organization (WHO), defined health as a physical, mental and social healthy status, not only the absence of diseases. This definition as evolved from that conceptual concept to a serie of quantitative scales that allows be measured of the general health status, therefor in 1994, the WHO propose the concept of quality of life as an individual perception of his life position, inside the context of cultural environment and the relationship with their objectives, expectations, standards and concerns. This new aspects that comprise the definition of health implies that behavior patterns, expectations of these with a general oral health status, as well as how an interaction of these characteristics (as a multivariate model) with the general status.
The analysis is carried on using a multi objective logistic regression and evaluated using a Receiver Operating Characteristic (ROC) curve, which allows us to study the sensitivity and specificity of each characteristic, just as the model comprised by all the selected characteristics in order to explain the relationship between demographic and dietary features with the oral health status.
This paper is organized as follows, in section 2 is presented a description of the data set used for this research and methods to carry on the study. In section 3 the experimentation conditions are presented. Results from univariate and multivariate analysis are shown in section 4. Finally conclusions and future work is described in section 5.
Materials and Methods
In this section is described the data set of National Health and Nutrition Examination Survey (NHANES), patients selection and the methods used to carry on the univariate analysis.
Data set Description
The NHANES is a national program that design studies to perform a survey to assess the health and nutritional status of adults and children in the United States, including all ethnic groups. The survey combines interviews and physical examinations, allowing to develop studies using clinical, para-clinical and demographic characteristics (features) of individuals. NHANES is a program founded by the National Center for Health Statistics (NCHS), which is part of the Centers for Disease Control and Prevention (CDC) and has the responsibility for producing vital and health statistics for the Nation.
Content Description NHANES survey include several types of interviews, to cover a wide range of features, including demographic, socioeconomic, dietary, and health-related questions, described in detail in 1. One examination component that is critical to this study is dental care examination, which is carried on by trained medical personnel. Meta Data Health and Nutrition Examination Surveys are comprised by interviews applied to 27,631 persons. In Table 2 are described in detail the number of persons and the features/parameters of the groups included in the sample. 
Data Analysis
In this work, as mentioned before, were conducted an univariate and multivariate searches. The univariate search was conducted using the demographics and dietary features being subjected to a statistical analysis; while the multivariate search was conducted using the complete feature set, including the examinations features.
The statistical analysis consisted of submitting each of the features to a linear regression to obtain the univariate models; then, all features together developed a multivariate model trough a linear regression too.
Linear regression is an analysis which consists on a statistical technique for modeling the relationship between features. The simplest representation of a model obtained by this method is represented in Equation 1, where y is the dependent variable or the outcome feature, β 0 is the intercept, β 1 is the slope and x is the independent variable or the analyzed feature. Models can be composed by the number of terms needed. Finally, the difference between the real outcome and the outcome proposed by the model is the error of the model, ; this variable is known as a statistical error due to it's a random variable that measures the model failure for fitting the data exactly [16] :
The statistical validation consisted on obtaining the P-value, the odds ratio and the area under the receiver operating characteristic (ROC) curve, known as the AUC.
The P-value or the observance significance level is the smallest value obtained where the null hypothesis can be rejected [13] ; while the AUC is a standard method to evaluate the accuracy of the classification model [12] , finally, the odds ratio represents the ratio of the probability that an event of interest occurs against the probability that the same event doesn't occur [3] .
All the data analysis were realized with the free software R (version 3.3.1) [20] and its packages, pROC (Version 1.8, 2015-06-10) [21] , epitools (Version 0.5-7, 2012-09-30) [1] , ResourceSelection (Version 0.2-6, 2016-02-15) [10] and randomF orest (version 4.6-12, 2011-10-18) [11] .
Experiments
The process realized in the univariate and multivariate models experimentation and their statistical analysis is described in this section. In Figure 1 is presented a flowchart of the followed methodology.
Firstly, the NHANES data analysis and the features selection for this research were realized by an expert dentist, according to the information obtained from the literature. Then, a new dataset with the extracted features was obtained (Figure 1 A) ). Followed by a data preprocessing, where is initially described the imputation of missing data (Figure 1 B) ) and then, for the univariate analysis, it was necessary removing the features that are unable to contribute meaningful information due to their contents. The univariate models development and models validation were realized in base of an statistical process (Figure 1 C) ).
Finally, for the multivariate model development all features were taking into account and the model validation is also carried out (Figure 1 D) ). The validation process is performed with the intention of evaluating the contributions of the results.
Dataset Preprocessing
The dataset used for this research was mostly contained by demographic and examination features, also a dietary feature was present [5] .
-Demographic features:
-DMDMARTL: Describes the marital status, -INDFMIN2: Describes the annual family income, -OHDEXSTS: Describes the overall oral health exam status (from 1 being complete to 3 being not done).
Examination features were initially removed for the univariate analysis, since they contain information about the health center where the patient was treated and each health center is represented by a different feature, therefore, each feature presents a large amount of missing data, becoming impossible to perform an univariate analysis for them.
The remaining features contained some missing values represented as Not a Number (NaN). These missing values were imputed through the rf impute function from randomF orest package, consisting on the substitution of NaN's for the value of the median of the column where the features are found.
Univariate Models Development and Models Validation
The development of the univariate models was realized by a linear regression process between each of the features and the outcome feature, which was related to the general status of oral health.
After the univariate models were obtained, they were subjected to an univariate statistical analysis, obtaining their P-values, odds ratios, AUC and ROC curves.
Multivariate Model Development and Model Validation
For the multivariate model development, which was realized by a linear regression between the feature set and the outcome feature, was also included the examination features that weren't used for the univariate analysis. The information contained in the examination features was all joined in only one feature, avoiding problems in the model development because of the missing data, taking into consideration that for each patient these features only contained information in one of them, because they were related to the health center where the patients were attended and most of them were attended only in one.
Finally, for the multivariate model validation were obtained the P-value, AUC and ROC curve of the model. Odds ratio wasn't calculated for this model because this parameter is obtained for specific features and not for a set of them.
Results
Results obtained from the univariate statistical analysis are presented in Table  3 , which is contained by every feature of the dataset and its respective P-value, odds ratio and AUC, in ascendant order according to the AUC values. For this analysis, features related with the health center where the patients were treated (examination features), weren't taken into account. In multivariate statistical analysis, the ROC curve generated is shown in Figure 3 , obtaining a P-value of 4.449e-12 and a value of AUC of 0.572. For this analysis, features related to the health center where the patients were treated (examination features) were taken into account.
Conclusion and Future Work
It is well known that the health problems that arouse the greatest interest are those that represent a risk of death or permanent disability, and carry with them the doubt as to the possibility of attacking a certain person.
Commonly, oral health problems do not arouse the spontaneous interest of the community, which is why identifying the determinants through such analysis in the population allows informing, educating and motivating appropriate oral health care because it depends on whether the population shows interest in receiving different treatments and thus improve oral health.
This analysis has shown that around a disease there are many factors that cause or aggravate it. When referring to the issue of socio-cultural health determinants (SHD) has become a latent concern for health professionals and oral health professionals since most of the problems derive from inequality or inequity in health and are linked to other determinants which produce different effects in each risk group with respect to their conditions and lifestyle, generated in the short, medium or long term.
Demographic features that were used for this research showed that none of them can significantly predict the health status of the population in an univariate approach, this can be observed at the statistical analysis where all of the Pvalues were > 0.06, which is taken as the standard value to consider a feature to be significant; also, the AUC values and the ROC curves showed a similar result, since the higher AUC is 0.540, which means that the true positives / true negatives proportion is 54% for this specific feature, DR1TWS (dietary feature). Odds ratios didn't show a higher probability than 1 for any feature in relationship with a health condition. Although the predictive capacity of this feature is better than a blind test, its contribution isn't so statically significant.
Multivariate model showed better statistical results than univariate models. In this approach, where the examination or health centers features were also used, the P-value obtained, 4.449e-12, is statistically highly significant, which represents that the alternative hypothesis has a high probability of being true, it means that the model has an influence on the health condition. The AUC and the ROC curve presented a true positives / true negatives proportion of 57.2%, which is higher than the AUC values of the univariate models. The improvement of statistical values in the multivariate model allows to conclude that the demographic and dietary features can help to evaluate the health status in combination with the examination features. By this, it's possible to consider that social security, economic income, type of health service and other similar factors may help to determine the patient's health status, specifically the oral health, according to the data used for this work.
As future work is proposed add more dietary and medical condition features, but including a clever feature selection than can lead to a high AUC model cleaning features that can decrease specificity and sensitivity of a oral health prediction model, in addition, complex techniques of machine learning, as neural networks, elastic networks or similar can be used to tackle this problem.
